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We determine the number and distribution of the fermion states in the standard model based
on the possible fermion representations of the gauge bosons. By extracting the even parity scalars
from the fermion states we suggest the existence of multiple Higgses arranged in suitable singlets or
multiplets of SU(3)L and SU(3)c.
PACS numbers: 12.90.+b,12.60.Cn,12.60.Fr
The standard model of elementary particles [1]-[8] contains 12 gauge bosons corresponding to the group U(1)Y ×
SU(2)L × SU(3)c, one complex Higgs doublet, and three generations of fermions each containing 15 right handed or
left handed fermion states. While one generation makes perfect sense from the point of view of symmetries involved
and also for the cancellation of the anomalies there is no definite answer of why the number of generations should be
multiplied by three. One can construct more sophisticated theories with enlarged symmetries to accommodate the
proliferation of fermion states but up to now there have not been any experimental hint or proof that this indeed
correspond to the reality. In [9] we made our first attempt to clarify this problem. Here we will propose a more
comprehensive solution that relies only partially on what we claimed there.
We shall consider as it is often accustomed in the literature the gauge symmetry as the starting point of our
discussion. The associated gauge bosons are: Bµ of U(1)Y with no definite parity, A
a
µ of SU(2)L which is left handed
(if one regards this in terms of fermion states) and Gbµ of SU(3)C which has the intrinsic parity P = −1 and it is a
vector.
Since Bµ has no definite parity and it is a combination of both vector and axial vector it has the most general
representation in terms of fermion states as:
Bµ = c1Ψ¯Lγ
µχL + c2η¯Rγ
µξR + h.c. (1)
Thus there are 4 left or right handed fermion states that correspond to Bµ. This is in a sense both a minimal and
a maximal representation; it is minimal because one might write this as linear combination of a vector and an axial
vector with the same counting of the states and it is maximal because we do not repeat in the combination any field.
We thus suggest that for any boson of the standard model there are fermion composites with the correct quantum
numbers but not bound that might pop up from the vacuum such that both representations of the gauge boson
survive. An equivalent statement is: Any change of variable with the property outlined in the previous sentences that
can be made corresponds to degrees of freedom that have counterpart in the physical reality.
Next Aaµ is definitely represented in terms of left handed fermion states. The correct representation is given by:
(taAaµ)ij = ξ¯ijLγ
µζijL + h.c, (2)
where ta is the generator of the group SU(2)L in the fundamental representation and the indices i and j can take
the values 1, 2. The double index counts four left handed fermion states for each ξ or ζ so in total there are 8 left
handed corresponding states. Knowing that that right handed field may be represented as the hermitian conjugate
of an left handed field the separation of states in terms of left handed and right handed fields should be considered
only apparent. In the end what it is important is the number of degrees of freedom. In total we count for the number
of chiral fermion states in the electroweak sector: 4 + 8 = 12 which represents the number of chiral leptons if one
assumes that there are also right handed neutrino states.
Applying a similar approach one can represent the vector color field Gbµ as:
(tacG
a
µ)ij = η¯ijγ
µτij + h.c. (3)
Here i, j = 1..3 and in total they count 3 × 3 × 2 = 18 (3 × 3 = 18 from the double index ij and 2 because there
are two distinct fermions η and τ) Dirac fermion states. In terms of left handed and right handed states there are 36
spinors. Note that 18 corresponds exactly to the number of Dirac quarks in the standard model.
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2If we add up all the chiral states representing in a consistent way the standard modes gauge bosons we obtain:
4(Bµ) + 8(A
a
µ) + 36(G
a
µ) = 48 (4)
corresponding to the exact number of left handed or right handed states in the standard model if one includes right
handed neutrinos. Due to numerous experiments that probe the existence of neutrino masse and mixings the presence
of neutrino right handed states is very probable. Moreover the results in Eq. (4) count exactly the number of Dirac
leptons 6 and quarks 18 in the standard model. The actual fermion gauge eigenstates in the standard model might
appear as any linear combinations of them and it is these linear combinations that are arranged in the corresponding
multiplets that we know. Thus the method cannot reveal the actual interaction terms of the fermions with the gauge
bosons.
Our approach predicts the number and distribution of fermion states. But if it is indeed meaningful it can make
also predictions in another direction: that of the number of scalar states. We cannot extract scalar states from the
gauge bosons because these would exhaust completely the degree of freedom of the gauge bosons. But we can apply
the previous procedure this time in terms of the fermion states. We start by considering the possible number of
composite scalar states made of two chiral fermions ΨL and ΨR of the same species:
Ψ†LΨR
ΨTLσ
2ΨL
ΨTRσ
2ΨR (5)
These states would correspond to three complex scalars. We are interested in states with parity P = 1 for reasons
that will be outlined below. If we consider how the parity operator acts on a Dirac fermion PΨ(x)P = γ0Ψ(t,−~x)
we deduce that from the states in Eq. (5) only the following ones have the desired property:
Ψ†LΨR + h.c. = Φ1(x)
ΨTLσ
2ΨL +Ψ
T
Rσ
2ΨR = Φ(x). (6)
These correspond to three real scalar degrees of freedom. Consider a left handed spinor with the structure:
ΨL(x) =
(
Ψ1(x)
Ψ2(x)
)
. (7)
We shall reexpress the spinor ΨL(x) in terms of a new set of variables Φ(x), Ψ
′
1(x) and Ψ
′
2(x) as in:
ΨL(x) = Φ(x)
(
Ψ′1(x)
Ψ′2(x)
)
= Φ(x)Ψ′L, (8)
where Φ(x) = ΨTLσ
2ΨL +Ψ
T
Rσ
2ΨR, Ψ
′
1(x) =
Ψ1(x)
Φ(x) and Ψ
′
2(x) =
Ψ2(x)
Φ(x) . We can make a similar substitution for both
the right handed spinor (with the same Φ(x) and for the full Dirac field (with Φ1(x)). Then the parity operator acts
as follows:
PΨLP = ΨR(t,−~x) = PΦ(x)PPΨ
′
LP = Φ(t,−~x)PΨ
′
LP = Φ(t,−~x)Ψ
′
R(t,−~x), (9)
so it acts on the new state Ψ′L as on a regular spinor. Note that if we had considered Φ(x) with mixed parity this
would have spoiled the parity properties of the spinor Ψ′L. We thus conclude that we can extract three real scalars (or
that there are two possibilities outlined in Eq. (6)) upon reparametrization from one Dirac fermion without spoiling
the correct properties of the leftover spinor state.
Considering the 24 full Dirac fermions existent in the standard model (if we admit the existence of right handed
neutrinos) we count in total 72 real Lorentz scalars. We suggest that these scalars with various structures and
combined in various multiplets should really be present in the theory. In [10] we introduce a criterion of consistency
that claims that any theory at zero temperature must have the un-normalized partition function independent of
momenta. Thus a match must exist between the fermion and boson degrees of freedom. The approach considered
there suggests that there is a gap in the partition function of (p2)36 ( if we exclude the Higgs boson) which can be
annihilated only by the presence of additional 72 real bosonic degrees of freedom including the standard model Higgs
doublet. This confirms the correctitude of our findings here.
The next step is to make arrangements in the singlets or multiplets of SU(2)L and SU(3)c for 72 scalars. There is
a large number of possibilities. First we need to estimate how many scalars have color degree of freedom. The total
number of real scalars associated with the quarks is 18 × 3 = 54. We know that each quark has three color degrees
3of freedom and this is true also for the corresponding scalars Φi(x) and Φ1i. However the sums ΦiΦi and Φ1iΦ1i are
colorless. Then for each three color degrees of freedom there is a colorless scalar and thus the number of colorless
scalar degrees of freedom associated with the quark sector is 18. We are left with 36 real scalars that have color index.
We analyze first the colored scalars. We can arrange these in color triplets, sextet or octets with respect to the
group SU(3)C . Furthermore each of them can be either singlets or triplets with respect to SU(2)L. The color triplet
[11], [12] can be singlet of SU(2)L and thus has 6 real degrees of freedom or triplet under SU(2)L with 18 real degrees
of freedom. The scalar sextet [11]can also be singlet under SU(2)L and thus have 12 degrees of freedom or triplet
under SU(2)L with 36 degrees of freedom. The color octet [13], [14] which is singlet under SU(2)L has 8 degrees
of freedom whereas the octet triplet has 24. We can drop the latter two along with other possible representation
as they cannot account in any combination for the 36 real degrees of freedom desired. Considering also the possible
couplings with the quarks and eliminating the unnecessary repetition of the same type of scalars we are left with only
one natural choice; the color sextet triplet. The colorless 18 degrees of freedom can be saturated by for example three
Higgs doublets (12 degree of freedom), each one corresponding to a generation and a Y = − 13 Higgs triplet [12] of
SU(2)L (6 real degrees of freedom). By analogy the 18 scalar degrees of freedom in the lepton sector will correspond
to another three Higgs doublets, each acting on a generation of leptons and an additional Y = 2 Higgs triplet [15],
[16].
The final Lagrangian we propose has thus the form:
L = L1 + L2 + L3 + L4 + L5. (10)
Here L1 is:
L1 = −
1
4
BµνBµν −
1
4
FµνiF iµν −
1
4
GµνaF aµν , (11)
where the first kinetic term corresponds to the U(1)Y group, the second to SU(2)L and the third to SU(3)c. Then,
L2 = Ψ¯iγ
µDµΨ, (12)
where Ψ represent all standard model fermion fields and Dµ the covariant derivatives associated to them, Next we
have the Higgses kinetic terms incorporated in L3:
L3 =
3∑
i=1
2∑
j=1
(DµHji )
†(DµH
j
i ) +
1
2
2∑
i=1
Tr(DµΦi)
†(DµΦi) + Tr(DµΣ)†(DµΣ). (13)
The six complex Higgs doublets have the form:
H
j
i =
(
H
j†
i
H
0j
i
)
. (14)
and the standard covariant derivatives. The Y = − 13 Higgs triplet [12] has the representation:
Φ2 =
(
1√
2
Φ− 1
3
Φ 2
3
Φ− 4
3
−
1√
2
Φ− 1
3
)
. (15)
with the covariant derivative:
DµΦi = ∂µΦi + ig[Wµ,Φi] + ig
′Y BµΦi. (16)
The Y = 2 Higgs triplet has the form [16]:
Φ1 =
(
1√
2
Φ+1 −Φ
++
1
Φ0∗1 −
1√
2
Φ+1
)
. (17)
and a covariant derivative similar to that in Eq. (16). Finally the Higgs sextet has the structure: σ =
(σ1, σ2, σ3, σ4, σ5, σ6)
T where each σj is an SU(2)Y Higgs triplet as shown above. Alternatively one can use the
notation σij with two color symmetric indices. Of relevance is only the covariant derivative with respect to the
SU(3)c group which has the form [17]:
Dµσij = ∂µσij − igcG
a
µ(
1
2
λaikσkj + σik
1
2
λ2kj). (18)
4Yukawa interaction is given by L4;
L4 = fil¯LiH
1
i eRi + f
′
i l¯LiH¯
1
i νRi + yiQ¯LH¯
2
i uRi + y
′
iQ¯LH
2
i dRi +
+ih1ijl
T
LiCσ
2Φ1lLj + ih
2
ijQ
T
LiCσ
2(Φ2 +Σ)qLj + h.c. (19)
Here H¯ji = iσ
2H
∗j
i and the indices i, j span the three generations.
The final term in Eq. (1) is L5 which corresponds to the Higgses interactions. There are many possible renor-
malizable terms especially in the sector of the Higgs doublets. Since the selection depends on many assumptions
and choices we shall not discuss this term in detail here. Of utmost importance is that the color Higgses have no
spontaneous symmetry breaking so that the SU(3)c symmetry is preserved and that the multiplets interact in such
a way to permit the extraction of a single Higgs doublet with a vev at the electroweak scale. Thus we expect that
the masses of the additional Higgs particles are very large and the couplings with the standard model fermions are
very small to be in accordance with the latest experimental data regarding the electroweak sector and the presence
of additional Higgs particles. The model might produce dark matter candidates among its multiple scalar states.
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